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ABSTRACT: Nowadays, ceramic magnets are produced artificially under precisely managed sintering 
and compositional circumstances. As a result, copper doped cobalt ferrites with the general chemical 
formula CuxCoci.)Fe204 (x=0.0, 0.4, and 1.0) were made using the standard ceramic method under 
varied sintering conditions using AR grade oxides. The formation of a single-phase spinel structure is 
demonstrated by X-ray diffraction. The morphological investigation, which indicates that 
densification, causes grains to develop and the magnetic characteristics, which suggest that lower 
sintering temperatures cause increase in magnetization, were carried out as part of the 


characterization processes. 
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1. INTRODUCTION 

Ferrites are ceramic magnetic materials based 
on iron oxide that exhibit ferromagnetic 
behaviour. Ferrites' compositions and sintering 
conditions can be modified to alter their 
magnetic characteristics. Ferrites can be used in 
a variety of applications, and factors like 
permeability, coercivity, remanence, and 
saturation magnetization can help determine 
which applications. The spinel structure is 
physically flexible, which results in a wide range 
of physical properties and hence useful 
applications in many frequency ranges. The 
magnetic characteristics of ferrites are mostly 
influenced by the porosity and grain size [1-4]. 
Faraz et al [4] used two-sub lattice model to 
show ferrite magnetization. As a result, 
magnetic ions with uneven magnetic moments 
in the opposing directions inhabit the A and B 
sublattices. The resultant magnetization is 
caused by the different magnetic moments of 
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sublattices A and B. 


According to Weiss [5], there are magnetic 
domains, and each domain's magnetization is 
caused by the Weiss molecular field, which 
tends to arrange atomic dipoles in parallel. The 
specimen becomes spontaneously magnetized 
as a result of the vector sum of its domains [6]. 
By connecting magnetic ions by electron 
transfer via intermediate anions, 
Andersondeveloped the super exchange 
interaction to explain the magnetization in 
normal and inverse spinel ferrites [7]. Grain 
size, grain orientation, grain boundaries, pores, 
inclusions, and crystal flaws are the most crucial 
aspects of microstructure. Grain direction 
favours maximal BH, and grain boundaries act 
as current barriers and internal lamellae to limit 
eddy current’ losses. By _ generating 
depolarization zones that cause a drop in 
magnetization, the porosity pinning the domain 
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wall motion and_ introducing internal 
inhomogeneous magnetic field [8,9].Several 
routes have been employed to prepare ferrites 
such as sol-gel auto combustion method [10- 
11], Co-precipitation method [12-13], aerosol 
method [14] and sucrose precursor sol-gel 
combustion [15], andsolid state method [16] 
and microwave method [17] and oxalate 
precursor method [18]. Compared to the wet 
powder preparation routes, the solid-state 
route is comparatively inexpensive and 
postulates simple apparatus and facilitates large 
volumes of powder can be prepared. The 
obtained powder demonstrates relatively high 
agglomeration, and large particle size as well as 
relatively limited homogeneity. The main 
objective of our work is to synthesize the 
CuxCo1-+)Fe204 (x=0.0, 0.4, and 1.0) by standard 
ceramic method. Systematic structural study 
has been performed by XRD, SEM and Magnetic 
Properties characterizations. 


2. EXPERIMENTAL 
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In the present case, ferrites with general 
chemical formula Cu,Co,..Fe204,where x= 
0.0,0.4 and 1.0, were synthesized by standard 
ceramic method.Generally for solid state 
method all copper oxides, cobalt oxide and 
ferric oxides in stoichiometry, compositional 
weights of AR grade oxide powders were mixed 
physically in molar proportion and blended in 
agate mortar in acetone medium (with 99.90% 
purity)[19]. After drying, the mixture was 
sintered at 800° and 900°C for 20 and 30 hours 
in muffle furnace. The pre sintered powders 
were subjected to hard milling process in 
acetone medium. Structural, magnetic 
properties and Scanning Electron Microscope of 
synthesized materials were characterized after 
each sample then all sample applied for 
palletisation process with applying a pressure 
about 5 tons per square inch for 5 minutes by 
keeping the powder of about 1 gram in a die of 1 
cm in diameters. The final sintering was carried 
out on pellets to complete the solid state 
reaction [19].The schematic presentation of 
work is shown in Fig.1 


CHARACTERIZATION 


complete SOLID STATE Reaction 


For Final sintering was carried to 


i powder were subjected to hard 


Figure 1 Synthesis method standard ceramic method 


3. RESULTS AND DISCUSSION 
3.1 X-ray diffraction and structural studies 


The X-ray diffraction patterns of the samples 
were obtained from RSIC, University of Nagpur 
to confirm the formation of single-phase ferrites 
(Fig.2), by using Fe k-a radiation of wavelength 
1.9360 A°. The saturation magnetization of a 
standard nickel sample was used to calibrate 
the hysteresis loop and calibration factor was 
calculated by the relation. Cobalt ferrite, copper 
ferrite, and CuosCooeFe204 made using the 


solid-state technique were the materials tests. 
By using stoichiometric amounts of cobalt 
oxide, cuprous oxide, and ferric oxide and then 
grinding them for 4 hours in an agate mortar in 
acetone medium, the necessary composition can 
be achieved. Following drying, the mixture was 
sintered in a muffle furnace for 20 hours at 
800°and 900°C and the produced materials 
were evaluated. The cubic structure of all 
CuxCo1-xFe204 ferrites was single-phase and 
closely matched the data from the standard 
JCPDS card no. 25-0283 and JCPDS card no. 17- 
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0464.[20,21].The lattice parameters for the 
samples CoFe20,, a = 8.389 A, Cuo4Coo¢Fe20., a 


The schematic way of representation to find the 
magnetic properties using hysteresis loop is 
shown in Fig. 3. The hysteresis loop is drawn by 
plotting the magnetic field strength H against 
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= 8.3744 A and CuFe20,, a = 8.2543 A. 


3.2 Magnetic properties 

a current is flowing through a coil, it will cause a 
magnetomotive force F. The magnetic 
properties of ferrites have be calculated using 
following equations: 


the magnetic induction B in the core material. If 


magnetizationofnickelinemu _ 102 


— = 0.10099 emu/mv:::(1) 


= verticaldisplacementonCROfornickelinmv ~ 1010 


Then vertical displacement for each sample on CRO was noted to calculate the saturation 
magnetization by relations, 


6,= calibration factor X vertica) displacement in mv=(fxv) emu... (2) 


os 


and a = mass of sample 


emu/gm-:: (3) 
Similarly saturation magnetization in emu/cc was calculated using the relation 


M,=(1- p)o,dx ---emu/cc + (4) 


dx-da 
ax 


Where p = porosity = 


dx = x - ray density, da = actual density 


Lastly magnetic moment per molecular formula unit in Bohr magneton was calculated by the relation. 


Molecularweight x o, 


Up = -+ Bohrmagneton::: (5) 
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Figure 3 Schematic representation of magnetic 
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Table - 2: The data on composition, sintering conditions and CRO records 


850 308 3.714 

0.0 | CoFe204 900 862 7 350 3.995 
30 905 20 386 4.041 

800 20 136 30 111 1.306 

0.4 Cuo.4Coo.6Fe204 | 900 161 23} 142 1.533 
30 170 15 158 1.482 

| 800 20 270 34 48.9 0.7042 

1.0 CuFe204 900 326 31 60.0 0.9984 
30 341 29 65.0 0.8884 


The calculated values of magnetization and 
magnetic moment are represented in Table 2. 
The sample fired at 900°C for longer time show 
greater magnetization than others. This 
behaviour is attributed to redistribution of 
cations and microstructural changes brought in 
by firing conditions. At the same time the 
reduced porosity at higher sintering conditions 
has considerable effect in enhancing the 
magnetization of samples [22]. 


Prince et al [23] has reported inverse spinel 
structure in CoFe20.4 by neutron diffraction. In 
such a case the theoretical magnetic moment 
would be 3 Bohr magneton. As Zn?* ions occupy 
tetrahedral sites, nickel (Ni2*) ions occupy 
octahedral sites and manganite (Mn?*) ions 
occupy tetrahedral sites. Cobalt (Co2*) ions are 
reported to occupy A-sites up to a maximum of 
10% in cobalt ferrite depending on the 
annealing temperature. From Mossbauer study 
of cobalt-zinc ferrite it has been observed that 
the amount of cobalt at A-site decreases from 
10% with the increase of zinc content. However 
in the present examples it varies from 3.714 to 
4.041 Bohr Magneton [Table-2]. 


This can be ascribed to the contribution of 
orbital and spin movement along with the 
degree of inversion. Sawatzky et al [24] have 
reported partial inverse spinel structure in 
Cobalt ferrite. Hence in the present case partial 
inverse spinel structure is assigned to Cobalt 
ferrite and accordingly cation distribution is 
given by From experimental values of tg for 
CoFe20,4 , 6 comes out to be 0.18, 0.24 and 0.26, 
depending on sintering conditions. Hence it can 


be concluded that normalcy varies from 15 to 
30% depending on heat treatment. 


eres ]O4> »- (6) 


Where 6 = coefficient of normalcy of cobalt 
ferrite <1.The resultant magnetic moment per 
formula is given by 


(Fe3*,Co3z*)[Co2*,F 


up=3+46 ...(7) 

The magnetic moment of CuFe20, ferrite is 
found to vary from 1.306 to 1.533 Bohr 
magneton [Table-2]. However theoretical value 
is only 1 Bohr magneton. The same behaviour 
was reported by earlier workers suggesting the 
partial inversion CuFe204 [25]. Hence in the 
present case, copper ferrite is supposed to have 
partial inversion spinel structure and 
accordingly the cation distribution is given by 

(Fe3*,Cuz* )[Cu2+;Fe3*|0; 2... (8) 

Where, 5 = coefficient of normally <1.The 
resultant magnetic moment of copper ferrite 
per formula unit is given by 


lb = 1+ 86 ... (9) 

From experimental values of pg for CuFe204 
(Table-2), 5 is found to vary from 0.0375 to 
0.06662, leading to 93 to 97% of inversion, 
depending on sintering conditions which are 
supported by earlier results [26].The addition of 
copper to cobalt ferrite, makes the copper ions 
to occupy A sites, replacing Fe** ions, which in 
turn occupy B sites, as per site preference 
energies, vacating Co2* ions. This results in the 
decrease of magnetization of A site, as copper is 
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diamagnetic in nature. Basically, as increase in 
Ms as x increases can be explained by the 
possible substitution of Co2+ by Cu2+ at the 
tetrahedral sites of the spinel ferrite lattice. 
These observed trends in the variation of Ms 
can be justified by Neel's two-sublattice 
magnetization model. According to Neel's two- 
sublattice magnetization model, magnetization 
(in uB) is given by M (uB) = Mz - Ma, where Ma 
and Mg are the net magnetic moments of A 
(tetrahedral) and B_- (octahedral) _ sites, 
respectively. The magnetic moment of Cu2+ 
(1uB) is less than that of Co2+ (3 uB) and due to 
the substitution of cobalt by copper at the 
tetrahedral sites, hence net magnetization 
increases. At higher levels of substitution (only 
cobalt ferrite) it is possible that part of cobalt is 
substituted at the octahedral sites so that the 
net magnetization decreases due to _ the 
decrease in the value of Mzp[27,28]. 


The cation distribution at X=0.4 can be 
represented as 


(Cuz4Cop4Fe3*)[Coo}Fe3*;|0;2 ... ....(10) 


From experimental results for Cu-Co ferrites, 
at X=0.4, the value of 6 is estimated to be in 
between 0.97 and 0.998. Hence it can be 
concluded that A and B sites are almost equally 
occupied by Fe%+ ions and_ resultant 
magnetization is mainly due to ions at A sites 
which contribute small amount to 
magnetization. Hence observed magnetization 
is comparatively small. At higher sintering 
conditions, net area of grain boundary 
decreases due to densification and low porosity. 
As a result, the domain walls become more 
mobile to increase the magnetization. This 
implies that when crystallites become large 
with negligible porosity, crystalline anisotropy 
decreases and makes the magnetization easier 
one. Lower sintering temperature and time 
cause for many small grains whereas higher 
sintering conditions give rise to small number of 
large grains and consequently leads to low 
porosity. The domain structure is modified due 
to interaction between the neighbouring grains 
[29]. This leads to the linear relationship 
between permeability and grain diameter and 
causes for the increase in magnetization with 
increased grain diameter, whereas the decrease 
in magnetization at a low sintering temperature 
and time is attributed to the formation of closed 
pore chains which cause for diamagnetic field to 
decrease the magnetization [30-31]. 
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Surface morphology 


The maximal grain growth across in a sample 
sintered at 800° and 900°C for 20 to 30 hours is 
shown from SEM micrographs (Figure-4). When 
closed pores become trapped inside the grains 
and become isolated from grain borders, they 
can no longer contract, which causes the 
excessive grain growth [22, 31-34]. According 
to SEM, there is agglomeration, and the crystals 
are spherical with irregular shapes and their 
size ranges from micro-meter size.It can be 
observed from the figures that theaverage grain 
size decreases with increasing copper 
concentration, which is because,the ionic radius 
of Cu*Zis smaller than that ofCo*2. Therefore, the 
decrease in grain size may bedue to diffusion of 
copper during heat treatment [35]. Due of an 
uneven diffusion rate, the migration of 
vacancies from pore or grain borders results in 
the development of porosity at the base. Large 
grains could be a result of oxygen vacancies 
brought on by reduction during heat treatment. 
Large pores at grain boundaries are thought to 
be caused by metal ion vacancies brought on by 
oxidation or appropriate doping[36].Thus, it can 
be stated that the diameter of grains increases 
due to densification via decreasing porosity and 
increasing sintering temperature and duration. 


CoFe.0,, Sintered at 900°C for 20 hrs 


CoF2.0,, sintered at 900°C for 30 hrs 


Figure 4 SEM images of theCu,Co(1-.,Fe204 (x=0, 
0.4 and 1) sintered at 800 and 900°C 


Mudholakar et al, 


International Journal of Advanced Science and Engineering www.mahendrapublications.com 


Int. J. Adv. Sci. Eng. Vol.9 No.2 2678-2685 (2022) 2683 


CONCLUSION [6] 
CuxCoc1-4Fe204(x=0,0.4, and 1.0) was 
synthesized using the traditional solid-state 

method and lattice constant lies in the range [7] 

8.2543 A- 8.389 A and confirms cubic structure. 

Morphological research reveals that the 

microstructure of the grains grows due to [8] 

densification, lowering porosity and raising the 

temperature with sintering process. Higher 

sintering temperatures that result in a 

reduction in the grain boundary, which makes 

the domain walls more movable and increases 

magnetization. A lower sintering temperature 

results in a more significant number of tiny 

grains that form closed pore chains and provide [9] 

a diamagnetic field that lowers the 

magnetization commonly used in high-density 

storage media, ferromagnetic fluids, catalysts, 

magnetic drug delivery systems. 
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